During the course of experiments designed to determine the cortical representation of localized thalamic regions, it was observed that stimulation at a frequency of 5 to 15 per second was followed by a recruiting cortical response when the stimulating electrodes were placed in the region of the midline nuclei (Morison and Dempsey, 1942). Moreover, single stimuli delivered to this area frequently produced a train of cortical potentials lasting a few seconds. These trains of spikes were strikingly like the recurrent spontaneous bursts which are seen in the electrocorticograms of animals anesthetized with barbiturates (Derbyshire, Rempel, Forbes and Lambert, 1936). In view of this similarity to a component of the normal spontaneous activity, it was thought advisable to study tJhe effects of stimulation of the medial thalamic nuclei in more detail. The following sections deal with the results of such a study. Cats were used. The methods employed have been discussed elsewhere (Morison and Dempsey, 1942) and need not be repeated.
During the course of experiments designed to determine the cortical representation of localized thalamic regions, it was observed that stimulation at a frequency of 5 to 15 per second was followed by a recruiting cortical response when the stimulating electrodes were placed in the region of the midline nuclei (Morison and Dempsey, 1942) . Moreover, single stimuli delivered to this area frequently produced a train of cortical potentials lasting a few seconds. These trains of spikes were strikingly like the recurrent spontaneous bursts which are seen in the electrocorticograms of animals anesthetized with barbiturates (Derbyshire, Rempel, Forbes and Lambert, 1936) . In view of this similarity to a component of the normal spontaneous activity, it was thought advisable to study tJhe effects of stimulation of the medial thalamic nuclei in more detail. The following sections deal with the results of such a study. Cats were used. The methods employed have been discussed elsewhere (Morison and Dempsey, 1942) and need not be repeated.
RESULTS.
A. Description of recruiting response. In cats under relatively deep nembutal anesthesia, in which spontaneous bursts of 8 to 12 per sec. cortical potentials were relatively rare, a slow series of electrical stimuli applied to the dorsomedial regions of the thalamus was followed by recruiting potentials which were widespread in the cortex. The first shock of a series usually produced no response, but following the second or third a cortical potential developed which on successive stimulation increased rapidly in magnitude until a maximum was reached after the fifth or sixth shock. Figure 1 illustrates this recruitment response in an experiment in which the spontaneous 8 to 12 per sec. bursts had been almost abolished by deep nembutal anesthesia. These potentials bore a remarkable superficial resemblance to the spontaneously generated bursts of 8 to 12 per sec. activity ( fig. 2) .
The recruited potential usually was monophasic and surface negative. After recruitment to its greatest height, however, it sometimes became diphasic with a positive component following the initial negativity.
Diphasicity was more frequently encountered in lightly anesthetized preparations. The electrical polarity was not, however, completely constant. Recruited potentials of opposite signs were sometimes recorded from different cortical regions.
The latency of the recruited response was long, varying in different experiments between 20 and 35 msec. In any single experiment the latency was less variable than is indicated by this range. The duration of the potential usually was 30 to 50 msec., but if the potential were diphasic, longer durations usually were observed. Stimulation of t,he dorsomedial thalamic regions led to the appearance of the recruited potentials in essentially all regions of the homolateral cortex. The responses were especially large and simple in form in the gyrus proreus, the anterior sigmoid gyrus and in the middle and post,erior suprasylvian gyri. The effects also were present, although smaller and more complex, in tlhe leg, arm and face sensory divisions of the posterior sigmoid gyrus. The visual and auditory cortex produced very poor recruited potentials. A diagrammatic representation of the magnitude of the responses in various cortical regions is presented by Morison a,ncl Dempsey (1942, fig. 6 ).
C. Regions from which recruited response was induced.
Recruited potentials have been observed whenever stimulating electrodes were placed in tlhe medial t!halamic nuclei near the internal medullary lamina at all levels from the posterior commissure to t#he anterior tubercle of the thalamus, and slso when stimuli were applied to the internal capsule. The localization of the regions from which the response may be induced has been discussed elsewhere (Morison and Dempsey, 1942) .
It is, however, pertinent to remark here that the latency of the response was essentially unchanged whether the stimuli were applied far back in tlhe thalamus or far forward in the internal capsule. Moreover, responses were recorded in all regions of the cortex after stimulatlion of either posterior or anterior thalamic regions.
D. Effects of frequency of stimulation.
In cats under fairly deep anesthesia no response was produced by single shocks or by a series at a frequency slower than about 2 per sec. Slightly faster frequencies led to t'he rapid recruitment described in section A. This recruitment was most rapid when the stimulus frequency was 5 to 10 per sec.
At these frequencies the effect followed the stimulus accurately for 2 or 3 seconds and then declined, occasionally to zero. If the st,imulus were cont(inued at the same frequency, a few seconds later recruitment again occurred. When the stimulation was continued for long periods, the periodic recruitment and de-recruitment occurred at longer and longer intervals until finally, aft'er several minutes, it failed completely.
Slightly faster stimulus frequencies (10 t,o 15 per sec.) usually produced a few responses, after which alternation began. The responses during t'he period of alternation were full sized. Decline of the potentials was more severe and EDWARD W. DEMPSEY AND ROBERT S. MORISON occurred somewhat sooner than when a slower stimulus frequency was employed. Moreover, a longer time elapsed before a second period of recruitment occurred. Still faster frequencies (20 to 120 per sec.) caused a complete disappearance of the response. At 20 per sec. a few responses occasionally were observed, but even these underwent severe alternation from the start.
In more lightly anesthetized cats, medial thalamic stimulation produced bursts of activity which appeared identical to the spontaneous 8 to 12 per sec. bursts which characterize the electrocorticogram after nembutal anesthesia. A single shock frequentlly caused no immediate response, but after 100 to 150 msec. a train of cortical potentials developed at a frequency of 8 to 12 per sec. This induced burst usually lasted two or three seconds. When a second shock was delivered at the end of the induced burst, a second train of potentials was developed which was identical with the first except that it usually did not last SO long.
When this procedure was repeatedly carried out, a waning of the effect Fig. 3 occurred until the burst failed to appear after the fourth or fifth shock. It could be induced at this time, however, if two or three successive shocks were applied at a frequency of 3 to 5 per sec. In contradistinction to the situation in more deeply anesthetized preparations, a single shock sometimes produced a response in the animals in which spontaneous bursts were common. Moreover, the phase of the periodic spontaneous bursts at which the shock was delivered seemed to determine whether or not a response developed. Fairly large potentials were developed when the shock was delivered just preceding or during the beginning of a spontaneous burst. Toward the end of the burst, the potential generated was smaller. During the silent period following a burst, the responses were either very small or not detectable. Figure 3 shows the responses to three single shocks delivered at different phases of spontaneous activity.
A series of stimuli delivered at a slow frequency in lightly anesthetized animals usually led to the generation of cortical potentials which bore no constant tem-poral relationship to the stimuli. This was part'icularly t,ruc if the stimulus frequency was slightly slower t.han t,hr frequency of the burst induced by single shocks.
Stimulus frcqucncies slightly faster than the burst frequency, however, were followed by recruiting responses whose latencics were constant.
When a continuous series of stimuli at a frequency of 5 to 15 per sec. was delivered t)o lightly anesthetized animals, a periodic waxing and waning of the recruited responses occurred, rrplaeing the spontaneous act)ivit'y ( fig. 4) . The int'erval between these periods of rccruitmcnt was short at first, but became longer and longer as the length of stimulation was increased. After cessation of stimulation, spontaneous bursts reappeared immediately. At faster stimulus frequencies (20 to 120 per sec.) the recruited potentials failed to appear in the cortex, and, in addition, the spontaneous bursts of activity also were abolished. The spontaneous bursts reappeared promptly upon cessation of stimulation ( fig. 5 ).
E. Independence of cortical areas in the production of recruited and spontaneous potentials. The appearance of recruited potentials in essentially all parts of the cortex after stimulation of localized medial thalamic regions raises the 29% EDWARD W. DEMPSEY AND ROBERT S. MORISON question of whether the thalamocortical fibers distribute to all parts of the cortex, or whether they project to a localized area which in turn is connnected via intracortical elements with other cortical areas. The following experiments were designed to elucidate this question.
The cortex posterior to the anterior suprasylvian fissure was excised, leaving intact the frontal cortex and its thalamic connections.
After this procedure, thalamic stimulation was followed by recruited potentials in the remaining cortex.
Moreover, spontaneous bursts also were recorded from this isolated piece of frontal cortex.
Conversely, in other experiments the frontal cortex was removed from approximately the same level forward, leaving intact the posterior cortex and its thalamic connections. This procedure did not abolish the spontaneous burst, and thalamic stimulation was followed by recruited potentials.
Finally, in a last type of experiment, a piece of suprasylvian cortex approximately 1 cm. square was isolated except for its thalamic connections by careful removal of all other cortex in that hemisphere. Even following this radical procedure, spontaneous bursts and recruited potentials were recorded ( fig. 6) A close parallelism in behavior between the spontaneous 8 to 12 per sec. periodic activity and the recruited response is apparent from the data presented in the foregoing sections. The spontaneous bursts may be described as spindles, building up gradually to maximum size and then declining progressively. Similarly, the recruited response increases in size on repeated evocation and later gradually disappears when a continuous series of stimuli is applied (fig. 4) . A similarity also obtains between the two in regard to their cortical distribution.
Both are of high voltage and relatively simple appearance in the proreus, anterior sigmoid, and middle and posterior suprasylvian gyri, and both are of relatively small voltage and complex appearance in the primary sensory regions located in the posterior sigmoid, posterior marginal and medial ectosylvian gyri (cf. fig. 6 , Morison and Dempsey, 1942) .
Furthermore, both recruited and spontaneous potentials behave alike in that they both appear in small remnants of cortex isolated except for their thalamic connections ( fig. 6 ).
With regard to frequency, it is noteworthy that stimuli applied at a rate slower than the 8 to 12 per sec. frequency of the spontaneous burst usually set up a train of cortical potentials at this frequency, with the result that the stimuli fall in random fashion among these potentials.
On the other hand, stimuli applied at a rate markedly exceeding that of the spontaneous potentials leads to a complete breakdown of both the recruited and spontaneous bursts ( fig. 5 ). Between these two extremes lies a band in which the recruited potentials may be driven accurately at frequencies only slightly greater than those of the spontaneous bursts (fig. 6) .
Although the frequency of the potentials cannot be increased markedly above that of the spontaneous burst, it is possible to shorten the period between the bursts themselves.
Practically continuous bursts are produced when a few shocks are delivered whenever the spontaneous burst shows signs of failure.
Similarly, whenever a continuous series of stimuli is delivered at an appropriate frequency a periodic waxing and waning of the recruited response occurs just as there is a periodic appearance and disappearance of the spontaneous bursts ( fig. 4) . Moreover, the size of the spontaneous potential evoked by a single shock bears a relation to the phase of spontaneous activity present at the time of the stimulus ( fig. 3 ).
Stimulation at a rapid rate not only fails to evoke the recruited potentials, but also the spontaneous bursts fail to appear. Whatever the mechanism of this effect, it is not due to any durable change produced by excessive stimulation as is shown by the prompt reappearance of spontaneous activity when the stimulation is stopped (fig. 5 ). This characteristic serves to distinguish sharply between recruiting and primary responses as the latter can follow frequencies up to 120 per sec. (Morison and Dempsey, 1942) . Lastly, it has been shown elsewhere that the recruited potential cannot be superimposed upon a maximal spontaneous potential, and that the simultaneous presence of a small spontaneous potential markedly reduces the size of the recruited effect (Dempsey and Morison, 1942) . In other words, the two potentials cannot simultaneously coexist, but are blocked, one by the other. It seems justified, because of the above considerations, to regard the recruited and spontaneous potentials as identical.
CONCLUSIONS
Stimulation of medial thalamic regions with a slow frequency series of electrical shocks sets up a recruiting potential of 20 to 35 msec. latency, which is widespread in the cerebral cortex (figs. 1, 2 and 3). This recruiting response is similar to the spontaneous 8 to 12 per sec. potentials in the following respects.
1. The distribution and magnitude of the two potentials are similar ( fig. 3 ; see also fig. 6, Morison and Dempsey, 1942) .
2. The recruiting potentials follow accurately at stimulus frequencies near those of the spontaneous 8 to 12 per sec. activity (p. 297). At slower frequencies, trains of 8 to 12 per sec. activity appear which are out of phase with the stimuli (p. 296). Faster stimulus frequencies cause a breakdown of the recruited potential and an abolition of the spontaneous potentials during the period of stimulation ( fig. 5, 3. The size of the initial recruiting effect is related to the phase of the spontaneous burst at which it is induced ( fig. 3, p. 296) .
4. Long continued stimulation at appropriate rates leads to a periodic recruitment and de-recruitment similar to the waxing and waning of the spontaneous bursts (fig. 4, p. 297) .
5. Both spontaneous and recruited potentials can be recorded from areas of cortex isolated except for their thalamic connections.
Neither effect depends, therefore, upon long intracortical connections ( fig. 6, p. 298 ). 6. Recruited and spontaneous potentials show essential similarities in behavior when the interaction of various cortical responses is studied (p. 299, see also Dempsey and Morison, 1942) .
Because of the above considerations it is suggested that the recruited and t*he spontaneous 8 to 12 per sec. potentials are identical.
